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Outline 

 Introduction 

 Studies on MgB2 

 Seamless cavity fabrication (collaboration with KEK) 

 New Nb films on copper (collaboration with AASC) 

 Photonic band gap (PBG) structure (collaboration 

with Niowave) 
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Los Alamos Neutron Science Center (LANSCE) 

800-MeV (~1 MW) LANSCE (formerly LAMPF) linac is the heart of 

the facility -first beam in 1972. 

800-MeV Linear 

Accelerator 
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Introduction 

View from west 
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H+ and H- beams are delivered to experimental facilities 

simultaneously 

Slide 4 
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Superconducting RF Structures Lab 
View from east 

Slide 5 
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140 ft. 

High-Pressure Rinse Equipment 

2600 ft2 Clean Room 
Ultra-Pure Water Supply 2000 

G/day with 1500 G Tank 

38” + 17” Diameter, 10 ft 

Deep Cryostats and 

Moveable Shield 

Two 38” Diameter 

Inserts + a 17” insert 

Building MPF-17 Control, Tuning Room 

100 ft. 

SRF Lab facilities 

BCP, coating and materials science facilities are at different sites in LANL. Slide 6 
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Current R&D is focused on new materials and new 

fabrication techniques that will enhance performance 

and reduce cost of future SRF structures 

 Recent SRF cavities (especially 1.3 GHz elliptical cells) made of bulk Nb 

are approaching its theoretical limit of Eacc  50 MV/m (Bpeak  200 mT). 

 While it is important to increase the production reliability and yield of 

high-quality Nb SRF cavities, finding a new material that could 

overcome the limit of Nb technology is becoming increasingly 

important for SRF technology to be more attractive and open up other 

opportunities. 

 

Slide 7 

1.3 GHz 9-cell cavity at DESY 

[Aderhold et al., TTC-Report-2011-01] 
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Studies on MgB2 

Slide 8 
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Very weak dissipation  

at H < Hc1 (Q = 1010-1011) 

Q drop due to vortex  

dissipation at H > Hc1  

 

Nb has the highest 

lower critical field Hc1 

 

 

 

 

Thermodynamic critical 

field Hc (surface barrier 

for vortices disappears) 
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Hc2 Hc1 0 H 

Strong vortex  

dissipation  

Hc 

Very weak  

dissipation  

- M 

Material Tc (K) Hc(0) [T] Hc1(0) [T] Hc2(0) [T] (0) [nm] 

Pb 7.2 0.08 na na 48 

Nb 9.2 0.2 0.17 0.4 40 

Nb3Sn 18 0.54 0.05 30 85 

NbN 16.2 0.23 0.02 15 200 

MgB2 40 >0.43 >0.03 3.5 140 

YBCO 93 1.4 0.01 100 150 
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[Xi, Thin film workshop, JLAB, 18-20 July 2012] 

https://www.jlab.org/indico/conferenceDisplay.py?confId=22
https://www.jlab.org/indico/conferenceDisplay.py?confId=22
https://www.jlab.org/indico/conferenceDisplay.py?confId=22
https://www.jlab.org/indico/conferenceDisplay.py?confId=22
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Very smooth films prepared with reactive co-evaporation 

at STI [Moeckly and Ruby, SUST 19 (2006) L21] 

Slide 11 

500-nm MgB2 film on Nb 

RMS surface roughness = 3.0 nm 

[D. Oates, SRF Thin Film Workshop 2012] 



Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’s NNSA 

U N C L A S S I F I E D 

In 2005, we showed that Rs can be lower than that of Nb 

and there is little increase in Rs with fields up to 120 Oe 

limited by available power [Tajima et al. PAC2005] 

Slide 12 

Collaboration with Romanenko at Cornell 

Deposited with reactive co-evaporation at 

Superconductor Technologies, Inc. (STI) 
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In 2005-2006, we proposed to coat cavity with pulsed 

laser deposition (PLD), but the PLD films had poor 

quality [Tajima et al. EPAC2006] 

Slide 13 

Tc  27 K 

Collaboration with Yue Zhao of U. Wollongong, Australia 

Tested by Romanenko at Cornell 
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Summary of MgB2 deposition techniques that we have 

tested 

Slide 14 

Reactive Co-evaporation by Brian Moeckly et al., at STI 

TC ~ 39 K 

[Moeckly et al., ASC2004] 

[Tajima et al., PAC2005] 

Substrate 

T ~ 550 C 
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Summary of MgB2 deposition techniques that we have 

tested (cont.) 

Slide 15 

[Xi, Thin film workshop, JLAB, 18-20 July 2012] 

Tc ~ 40 K 

https://www.jlab.org/indico/conferenceDisplay.py?confId=22
https://www.jlab.org/indico/conferenceDisplay.py?confId=22
https://www.jlab.org/indico/conferenceDisplay.py?confId=22
https://www.jlab.org/indico/conferenceDisplay.py?confId=22
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Summary of MgB2 deposition techniques that we have 

tested (cont.) 

Slide 16 

E-beam co-evaporation by Toshiya Doi et al. of Kagoshima U., Japan 

Requires base pressure <~1 x 10-9 

Torr to avoid effect of oxygen 

Tc ~ 32 K 

Substrate T ~ 250 C 

[Nagatomo et al., Physica C 426 (2005) 1459] 
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Summary of MgB2 deposition techniques that we have 

tested (cont.) 

Slide 17 

Off-axis Pulsed Laser Deposition (PLD) by Y. Zhao of U. Wollongong, Australia 

Tc ~ 27 K 

Substrate 

T ~ 680 C 
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In 2007, we started high-power RF tests with 2-inch 

diameter disks in collaboration with SLAC using 11.4 

GHz RF short pulse (~ 1 s) and a TE013-mode cavity 

Slide 18 

[Tantawi et al. PAC2007] 
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Due to the low Q of the host cavity made of copper, Rs did 

not have enough sensitivity. Also, thermal effect seems to 

have been involved despite a short pulse is used. 

Slide 19 

Inter-diffusion layer causes high RF loss 

[Tajima et al., SRF2011] 

STI film deposited at 550 C on top of ALD alumina 
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In 2010, we started using magnetization measurements 

to evaluate vortex penetration field Bvp to determine the 

fundamental limit of MgB2 thin films 

Slide 20 

[Tajima, Haberkorn, Civale et al. LINAC2010] 

E-beam co-

evaporation at 

250 C 

Base p ~ 1 x 10-9 

Torr 

Collaboration with 

Doi et al. of 

Kagoshima U., 

Japan 

Tc 33.8 K 

Tc 31.8 K 

~290 nm Tc ~ 31.8 K 
~330 nm 

~290 nm 

85 mT 

125 mT 
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Magnetization measurements 

were used for SRF cavity 

research in 1995 by Saito and 

Wake of KEK to evaluate the 

effect of surface treatments 

by looking at hysteresis 

curves.  

The larger hysteresis means 

more imperfections and/or 

dislocations since vortices 

get pinned by them. 

Slide 21 

We are looking at only this part 

[Saito, Wake, SRF1995] 
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Recent studies focused on Bvp measurements using a 

Quantum Design SQUID magnetometer since it seems 

to be a reliable method to determine fundamental limit 

Slide 22 

At LANL, 

Leonardo Civale 

and his postdocs 

have been 

carrying out these 

measurements 

Sample goes into this 
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Samples 

Slide 23 

Typically 5 mm x 5 mm 

for coated films 

This sample holder 

has an angle 

adjustment 

mechanism 
Nb reference was a rod 

with 2 mm diameter and 

10 mm long cut out from a 

single grain RRR>300 Nb 

sheet  

mm scale 

Rod or ellipsoid is better due 

to less edge effect, but 

difficult to uniformly coat 
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Meissner slope is proportional to the effective volume 

of the film, making it difficult to measure ultra-thin films 

due to small signal. Our present limit is 200 nm 

Slide 24 
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Penetration depth can be estimated from effective thickness. 

Penetration depth increases with higher temperature. 

This causes the reduction of effective thickness. 

Slide 25 
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With a 200 nm sample, the signal got quite noisy at high 

fields, but was still measurable. 

Slide 26 
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Summary of Bvp for STI films (200, 300 and 500 nm) 

compared with cavity-grade bulk Nb and sputtered Nb 

film. MgB2 thin films show remarkably high Bvp !! 

Slide 27 

Assume Bpeak/Eacc = 4 mT/(MV/m) 
[Tajima et al. SRF2011] modified 
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Comparison with theoretical curve of Bc1 for thin films 

assuming  = 110 nm and  = 6 nm. Important finding 

here was that even the films with d> have high Bvp 

Slide 28 

[Tajima et al. SRF2011] modified 
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Temple University (Xiaoxing Xi’s group) samples 

prepared with hybrid physical chemical vapor deposition 

(HPCVD) also showed high Bvp 

Slide 29 
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Recent results of thinner films prepared by Temple U. and 

measured by Beringer of the College of William and Mary 

showed Bc1≥400 mT (Hc1≥4000 Oe) with 100 nm films 

Slide 30 

Prediction assuming  = 140 nm,  = 5 nm 

Eacc = 100 MV/m 

Lower Tc (low quality film) 

[Beringer, Thin film workshop, JLAB, 18-20 July 2012] 

https://www.jlab.org/indico/conferenceDisplay.py?confId=22
https://www.jlab.org/indico/conferenceDisplay.py?confId=22
https://www.jlab.org/indico/conferenceDisplay.py?confId=22
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There is a possibility that we can achieve ~500 mT (Eacc 

~125 MV/m) even with 2 layers of MgB2 

Slide 31 

[Tajima et al., SRF2011] 
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At LANL, 2-stage coating, i.e., B layer using diborane 

(B2H6), then react it with Mg vapor, is being tried 

Slide 32 
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MgB2 CVD reactor for a 1.3 GHz cavity located at 

Technical Area 35 

Slide 33 
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Gas delivery and external Mg vapor source 

Slide 34 
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Exhaust system with excess di-borane burner 

Slide 35 
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Mounting test cavity 

internal Mg vapor source  

Slide 36 
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Copper surrogate cavity with 28 holes for samples. First 

substrates will be 6 mm x 6 mm x 0.43 mm sapphire 

Slide 37 



Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’s NNSA 

U N C L A S S I F I E D 

Cavity installation into furnace 

Slide 38 
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Our plans and milestones for MgB2 coating 

 Achieve superconductivity with witness samples by 30 May 2013 

 Optimize coating parameters to get high-quality films by 31 July 2013 

 Optimize coating parameters to get good uniformity on cavity surfaces 

by 30 September 2013 

 Coat 1.3 GHz single-cell cavities and test them after that. (Cavities to be 

coated will be either Nb/Cu or Nb cavities) 

 We are currently considering ALD for dielectric coating (Al2O3 or other 

material) 

Slide 39 
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Seamless cavity fabrication 

In collaboration with KEK and FNAL 

I was at KEK as an invited investigator 

from April 2011 through March 2012 

Slide 40 
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Status of copper forming at KEK 

 Use of C1020 copper seamless tubes (130 mm OD, 3-4 mm-thick) from 

Hitachi Cable Co., Ltd. 

• Manufacture of copper seamless tubes is an established process in industry. 

• Very inexpensive  

— X50 cheaper than RRR300 Nb sheets. 

— X100 cheaper than appropriate Nb seamless tubes ($180 vs.  Nb $17,300 

for a 800 mmL, 3 mm-thick tube appropriate for cavity cell forming) 

• Nb films comparable with high-RRR bulk Nb might be available soon 

 KEK has been successful in forming 3-cell cavities from these tubes 

with 500 C x 2 h vacuum annealing before forming. 

 

Slide 41 
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Ueno et al., Kasokuki Gakkai, 2007. 

Slide 42 
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Ueno et al., Kasokuki Gakkai, 2006 
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Detail of KEK forming process 
Necking 

The pipe rotates at 200 rpm, the moving speed of the roller is 150 

mm/min axially and its movement is controlled by NC. 

•  the diameter is reduced by 1 mm per pass in each direction 

 

 

 

Ueno et al., Kasokuki-Gakkai, 2007 
Slide 44 
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After the first hydroforming using an intermediate constraint dies 

Attach final dies Attach final dies Inserted into the cylinder 

Some photos from the process to hydroform a copper 3-cell ILC baseline shape 

Slide 45 
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To be attached to the hydroforming machine 

Slide 46 
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Hydroforming procedure at KEK 

(in the case of copper) 

 Start with 8 MPa, axial speed 
is 20-50 mm/min.  Try to 
leave 5-8 mm radial gap 
between the deformed cell 
and the die before 2 dies 
make contact. 

 After putting 2 dies together, 
raise the pressure to 25 MPa 
for the cells to conform to 
the dies completely. (From 
looking at the pressure 
gauge, it looks like the pipe 
is being deformed at a 
pressure 9-13 MPa.) 

After forming 

Before forming 

Gaps 

No gaps 

Dimension in mm 

F 

F F 

F 

P 

Slide 47 
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After forming.  Conformed to the die very 

well. 

Slide 48 
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After forming a 3-cell cavity 

Slide 49 
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The starting thickness of 3 mm seems not enough  

changing to 3.5 mm and 4 mm tubes  

An ILC baseline-cell-shape 

cavity formed in May 2011 

by Hitoshi Inoue 

Initial wall thickness 3 mm 
Initial material: Oxygen Free Cu 

(C1020) seamless pipe from 

Hitachi Cable Co. 

 Annealing at 500 C for 2 hours between necking and hydroforming 

Slide 50 
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Status of Nb forming at KEK 

 Nb is difficult due to much less ductility than copper 

 Few vendors that can supply seamless tubes adequate for cavity 

forming 

 FNAL will soon provide KEK with some tubes from ATI Wah Chang, a 

vendor that was able to produce some formable tubes in the past 

 Collaboration with a Japanese vendor is ongoing, but has not been 

successful in producing an appropriate tube yet. 

Slide 51 
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New Nb films coated on copper 

cavity 

In collaboration with AASC and KEK 

Slide 52 
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Advantages of using copper cavity with Nb coating 

 Cheaper (x50 less than RRR~300 Nb) 

 Due to high thermal conductivity of Cu, surface temperature is lower 

than bulk Nb  more stable against quench 

 Residual resistance less sensitive to external magnetic field 

 

Slide 53 

Calatroni, TTC meeting, JLAB, 07 November 2012. 

Rfl = (Rfl
0 + Rfl

1HRF)Hext 
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As many of us know, while Nb/Cu cavities were 

successful for LEP at CERN, sputtered Nb films have 

strong Q0 slope 

Slide 54 

State-of-the-art 25 years ago 

[Calatroni, Thin film workshop, Padua, 2006] 
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Parameter optimization led to ~28 MV/m, but a strong Q0 

slope still exists 

Slide 55 

1.5 GHz single-cell cavity at 1.7 K  

[Calatroni, Thin film workshop, Padua, 2006] 

The reported highest 

gradient for Nb/Cu cavities 

so far is 28 MV/m 

State-of-the-art 5 years ago 
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Coaxial Energetic Deposition (CED) by Alameda 

Applied Sciences Corporation (AASC), San Leandro, 

California, USA 

Slide 56 

[E. Valderrama et al., CEC-ICMC2011, Spokane, WA, 13-17 June 2011] 
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Coaxial Energetic Deposition (CED) by AASC 

[Krishnan et al., PR-STAB 15 (2012) 032001] 

Slide 57 

[E. Valderrama et al., CEC-ICMC2011, Spokane, WA, 13-17 June 2011] 

Base pressure 

after 120 C bake 

~5 x 10-8 Torr 

High RRR films 10 m/s 

Needs ~4000 

pulses for 1 m 

coating 
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Arc source is scalable to high throughputs for large scale cavity 

coatings. Present version deposits ~ 1 monolayer/pulse ~ 1 ms 

UHV and clean walls are important 

Slide 58 

Coaxial Energetic Deposition (CEDTM) 

[Colt James et al., ASC2012, Portland, 7-12 Oct. 2012] 
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Bvp of CED Nb films coated on dielectric substrates have 

shown values comparable with RRR~300 Nb 

Slide 59 

[Tajima, TTC meeting, Beijing, 5-8 Dec. 2011] 

for comparison 
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Magnetization measurements of CED Nb films coated 

on Cu 

Slide 60 

[Civale et al., to be submitted to a journal with more recent data] 
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Summary of magnetization measurement results of CED 

Nb films coated on Cu 

Slide 61 

[Colt James et al., ASC2012, Portland, 7-12 Oct. 2012] modified 
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Coating of 1.3 GHz single-cell copper elliptical cavity 

with a CED Nb film 

Slide 62 

3-cell cavity was formed from a seamless copper (C1020) pipe at KEK 

Cut into 3 single cells and beam pipes were EB-welded and SST flanges were brazed.  

Being used as a surrogate cavity for 

MgB2 coating tests 

Being used for CED Nb coating tests 
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Coating of 1.3 GHz single-cell copper elliptical cavity 

with a CED Nb film (cont.) 

After ultra-pure water rinsing at 500 

psi for 1 hour in the SRF lab clean 

room at LANL  

 At LANL, Cu cavity was 

chemically etched, high-pressure 

rinsed with ultra-pure water, 

pumped down, baked at 50-60 

C, filled with filtered N2 gas and 

shipped to AASC. 

 AASC coated it at 350 C to a 

thickness of ~5 m and shipped 

back to LANL. 

 At LANL, the cavity was HPR’ed 

at 500 psi for a total of 2 hours in 

a class 100 clean room, 

assembled with flanges and 

couplers and tested. No baking. 

[Colt James et al., ASC2012] 

Slide 63 
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The beam pipe (120 mm long) was found to be too short to 

eliminate the effect of RF losses on the SST end flanges, but 

it did not quench up to available power limit (~9.5 MV/m) 

Slide 64 

Input 

coupler 

(movable) 

Pick-up 

coupler 

Q0 was dominated by the losses on the end flanges. 

This result was predicted before the test by MWS 

calculations and it was verified by this test. 

Power limit 



Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’s NNSA 

U N C L A S S I F I E D 

Next steps for Nb/Cu cavity development 

 KEK fabricated 3 new hydroformed copper cavities with 170 mm 

(50 mm longer than existing) beam pipes to eliminate the effect 

of end SST flanges.  

 KEK will send them to LANL by early March 2013.  

 These cavities will be coated with Nb at AASC in March 2013.  

 They will be tested at LANL in April 2013. 

 Some of these cavities will be used for MgB2 coating if they are 

good. 
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Superconducting photonic band 

gap (PBG) cavity development 

Led by Evgenya Simakov 

Funded by DOE SC/HEP and ONR 
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Effective for HOM damping without sacrificing real 

estate gradient 

Slide 67 

Confines single mode TM01 

Qex, HOM < 115 

Higher f  lower bunch charge + smaller footprint  
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Fabricated and BCP’ed at Niowave, then assembled and 

tested at LANL 
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2.1 GHz cavity test result 
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Epeak/Eacc = 2.22 

Bpeak/Eacc = 8.55 mT/(MV/m) 
Max. Bpeak ~ 130 mT 

PRL 109 (2012) 164801 

Quench at 15 MV/m 
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Plan to increase the accelerating gradient by changing 

the cross section of the first row pipes 
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Bpeak/Eacc drops by 35 % 

8.55 mT/(MV/m) 5.53 mT/(MV/m) 

23.5 MV/m 

@130 mT 
15 MV/m 

@130 mT 

17 mm 28 mm 

4.14 mm thick 
1.0  mm thick 
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